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DEATHS DUE TO CARDIOVASCULAR DISEASES (CVD) are the leading cause of mortality in the United States and in other modern societies worldwide (21) . Recent meta-analysis data have indicated that the increased risk for CVD and related events are, in part, attributable to stiffening of the aorta as assessed by aortic pulse wave velocity (aPWV) (3) . Importantly, nearly 50% of Americans have total cholesterol values above the desirable level (21) , which, in turn, promotes aortic stiffening (13, 23, 42) . Thus, gaining insights for the mechanisms by which traditional risk factors, such as hypercholesterolemia, promote aortic stiffening is of clinical importance.
Aortic stiffness is, in part, due to changes in the expression of extracellular matrix proteins within the arterial wall and increased cross-linking of these proteins (15, 44) . Collagen type I is a key load-bearing collagen isoform with increased expression in arteries with greater aortic stiffness (18) . In contrast, elastin, a protein that provides elasticity to arteries, has an attenuated expression that also contributes to stiffening of the aorta (26, 38) . Importantly, cross-linking of extracellular proteins by advanced glycation end products (AGEs) has been shown to promote stiffening of large elastic arteries (18, 33) . However, it is not fully known how the expression of these aortic proteins change in response to hypercholesterolemia or the factors that may influence these pathological alterations.
A greater amount of aortic perivascular adipose tissue (PVAT) is associated with aortic stiffening and incident CVD events (4 -6) . A recent investigation in an age-related model of aortic stiffening has provided direct evidence for PVAT to influence arterial stiffness both in vivo and ex vivo, which was associated with alterations in aortic collagen type I expression and increased PVAT-derived inflammatory cytokine secretion (16) . PVAT is an important source of adipokine production and secretion that has been shown to influence arterial function (24, 34) . Notably, the proinflammatory cytokine IL-6 is related to arterial stiffness in adults and is secreted from PVAT in greater concentrations in older mice (16, 31) . IL-6 is one proinflammatory cytokine shown to be secreted in higher concentrations from PVAT compared with other fat depots, thus highlighting the potential role for this PVAT-derived cytokine to promote arterial stiffening (10, 16) . Importantly, under conditions of increased plasma cholesterol, PVAT has elevated IL-6 protein expression (12) . It is currently unknown, however, whether increased cholesterol results in PVAT-induced aortic stiffening or arterial extracellular matrix remodeling or if PVAT secretes greater concentrations of IL-6 secretion to promote arterial stiffness.
We tested the hypothesis that chow-fed low-density lipoprotein receptor-deficient (LDLr Ϫ/Ϫ ) mice with increased plasma cholesterol concentrations would have greater aortic stiffness as assessed by noninvasive aPWV and ex vivo mechanical properties testing, which would be related to increased collagen type I, greater AGE abundance, and reduced elastin expression in the aorta. We also hypothesized PVAT would mediate the arterial stiffening and alterations in aortic protein expressions observed in LDLr Ϫ/Ϫ mice. In addition, PVAT from LDLr Ϫ/Ϫ mice was hypothesized to secrete greater amounts of IL-6 that would contribute to arterial stiffness.
MATERIALS AND METHODS

Animals
Male wild-type (WT) and LDLr Ϫ/Ϫ mice on a C57BL/6 background at 4 -6 mo of age were purchased from The Jackson Laboratory. All mice had ad libitum access to water and normal rodent chow and were housed in an animal facility on a 12:12-h light-dark cycle on the University of Kentucky campus. All animals were acclimated for at least 2 wk before experiments. The Animal Care and Use Committee of the University of Kentucky reviewed and approved all protocols in this study.
aPWV
Large artery stiffness was assessed by aPWV as previously described (16, 19, 33) . Mice were anesthetized (2% isoflurane) and placed supine on a heating board with legs secured to ECG electrodes. Doppler probes (Indus Instruments) were used to noninvasively assess aortic velocities at the aortic arch and abdominal aorta. aPWV was calculated as the distance between the arch and abdominal probes divided by the difference in thoracic and abdominal preejection times. Data are presented as centimeters/second. Mice were euthanized after the aPWV measures by exsanguination via cardiac puncture while anesthetized with isoflurane.
Body Composition
All mice underwent an echoMRI to determine body composition (8) . Briefly, conscious animals were placed in a plastic tube, which was inserted into the echoMRI scanner to assess fat mass and lean mass. Each scan was ϳ2 min in duration per mouse. Data are presented as percent fat and lean mass.
Arterial Blood Pressure
Arterial blood pressure was assessed using the noninvasive CODA tail-cuff system (Kent Scientific) (14, 16) . Briefly, mice were placed in restrainers and allowed to acclimate on a heated platform for 15-20 min. Blood pressure was recorded for 20 cycles on 3 consecutive days. Data for the 3 days were averaged.
Plasma Total Cholesterol, Triglycerides, and Glucose
Blood obtained from the cardiac puncture was collected with a syringe containing heparin after a 10-h fast, which was spun at 14,000 rpm for 10 min. Plasma was isolated and stored at Ϫ80°C. Total cholesterol (Wako Diagnostics), triglycerides (Cayman Chemical), and glucose (Abcam) were assessed according to the manufacturers' protocol.
Intrinsic Mechanical Testing
Ex vivo intrinsic mechanical properties of aortas from WT and LDLr Ϫ/Ϫ mice were assessed as previously described (16 -18, 22) . Aortic segments of the descending thoracic aorta were cleaned of the surrounding adipose tissue and placed onto pins in a chamber containing Ca 2ϩ -and Mg 2ϩ -free PBS. The myograph (DMT) was preheated to 37°C before experimentation. Force was recorded every 3 min as the aortic rings were stretched ϳ10% until the arterial segment broke. The elastic modulus was calculated from the stress-strain curves as previously described (16, 18, 22) . In brief, one-dimensional stress (t) was calculated as follows: t ϭ L/2HD, where L is the one-dimensioal load applied, H is wall thickness, and D is the length of vessel; strain () was calculated as follows: ϭ ⌬d/d i, where ⌬d is the change in diameter and di ϭ initial diameter. Wall thickness and diameter were assessed in histological sections, and aortic length was measured with calipers under a dissecting microscope. The elastic modulus, an index of mechanical stiffness, was determined as the greatest r 2 value from the stress-strain curve.
Adipose Histology
Adipose from the perivascular descending thoracic aorta (PVAT) and subcutaneous and epididymal fat depots were collected and fixed in 4% paraformaldehyde. The adipose was embedded in paraffin, sectioned (5 m), deparaffinized, and stained with hematoxylin and eosin (30) . Using ImageJ software [National Institutes of Health (NIH)], adipocyte size and diameter for all adipose depots was measured in at least 100 cells from 2 sections for each sample. The data for each sample were averaged, which was used to determine the mean for each group. The data are presented as diameter (in m) and area (in m 2 ).
Aortic Tissue Culture Experiments
Aortic PVAT culture experiments. Additional segments of the descending thoracic aorta from WT and LDLr Ϫ/Ϫ mice were cultured in DMEM containing antibiotics for 72 h at 37°C and 5% CO2 either with or without the adjacent PVAT. Tissue culture media was changed daily. At the end of the 72-h culture, PVAT was removed from all aortic segments and underwent intrinsic mechanical properties testing (16) .
PVAT conditioned media experiments. Descending thoracic aorta PVAT from WT and LDLr Ϫ/Ϫ mice was cultured in DMEM containing antibiotics for 24 h at 37°C and 5% CO2 at a concentration of 20 mg fat/100 l culture media. Conditioned media (10% of total DMEM volume) was used to treat aortas without PVAT from naïve WT mice for 72 h at 37°C and 5% CO 2. Media was changed daily. Aortic segments were mechanically tested after the 72-h treatment period.
IL-6 culture experiments. Descending thoracic aortas from LDLr Ϫ/Ϫ mice were cultured with or without neutralizing IL-6 antibody (25 g/ml, R&D Systems) in DMEM containing antibiotics either in the presence or absence of the adjacent PVAT for 72 h at 37°C and 5% CO 2. Aortas were mechanically tested after 72 h, and the adjacent PVAT was removed from all arteries before testing.
Additional descending thoracic aortas without PVAT from WT mice were treated in the presence or absence of recombinant mouse IL-6 (3 ng/ml, R&D Systems) in DMEM (with antibiotics) for 72 h with daily media changes. After 72 h of culture at 37°C and 5% CO 2, the structural integrity of aortic segments was assessed with mechanical testing.
Western Blot Analysis
Aortic protein expression was assessed in samples by Western blot analysis as previously described (18, 19) . Briefly, PVAT and the surrounding connective tissue were removed from the aorta, which was frozen in liquid nitrogen and stored at Ϫ80°C. Using RIPA lysis buffer containing protease and phosphatase inhibitors (Roche) and a phosphatase inhibitor cocktail (Sigma), the samples were homogenized. Equal amounts of protein (15 g/lane) were loaded in a polyacrylamide gradient (4 -12%) gel, separated by electrophoresis, and transferred to a polyvinylidene difluoride membrane (Bio-Rad). Antibodies specific for collagen type I (1:1,000, Abcam), ␣-elastin (1:100, Abcam), AGEs (1:1,000, Abcam), and ␣-smooth muscle actin (1:1,000, Abcam) were applied to membranes overnight at 4°C. Densitometry analysis of each band was performed with ImageJ software (NIH). Densities for collagen type I, AGEs, and ␣-elastin were normalized to each respective internal ␣-smooth muscle actin 
Immunohistochemistry
Immunohistochemistry was performed by standard procedures as previously described (16, 18, 19) . Aortic segments were frozen in optimal cutting temperature compound (Tissue-Tek) by placing the samples in liquid nitrogen-cooled isopentane. Aortas were sectioned (8 m) and fixed with acetone. Slides were stained in two batches on different days using the Dako EnVisionϩ System-HRP-DAB kit (DAKO) per the manufacturer's instructions. Primary antibodies for collagen type I (1:400), AGEs (1:50), and ␣-elastin (1:250) were incubated at 4°C for 30 min, a labeled polymer secondary antibody was applied for 30 min at room temperature, and diaminobenzidine was used for 2 min to visualize the staining. Increasing concentrations of ethanol (50 -100%) were used to dehydrate the slides, which were subsequently cleared in xylene and coverslipped. A Nikon 80i microscope was used to acquire digital images with a ϫ40 objective, and densitometry analysis was performed on the medial and adventitial layers with ImageJ software (NIH). The density analysis was performed on the entire medial layer or adventitial layer using two to four tissue cross-sections for each sample. A preoptimized red-green-blue color model was used to determine the mean density for each of the arterial layers. Medial layer measurements were taken from the internal elastic lamina to the external elastic lamina, and the adventitial layer was measured from the external elastic lamina to the outermost part of the artery. Adipose tissue was removed before freezing and was not analyzed. To account for potential day-to-day variations in staining, data were normalized to the WT ϩ PVAT group for each staining batch. The normalized data for each staining batch were combined and analyzed. The data are presented as relative density (in AU).
IL-6 ELISA
PVAT was cultured in DMEM containing antibiotics at a concentration of 20 mg fat/100 l media for 24 h at 37°C and 5% CO 2.
Conditioned media was assessed for IL-6 with an ELISA as recommended by the manufacturer (R&D Systems).
Statistics
All data are presented as means Ϯ SE and were analyzed with GraphPad Prism (GraphPad Software). An unpaired, two-tailed t-test was used to analyze the animal characteristics, aPWV, mechanical testing, and Western blot data. The cultured PVAT experiments with arterial mechanical testing and immunohistochemistry as well as the IL-6 inhibition experiments were analyzed with two-way ANOVA with appropriate post hoc analyses. An unpaired, one-tailed t-test was used to analyze the IL-6 ELISA and recombinant IL-6 mechanical testing data. Significance was set at P Ͻ 0.05.
RESULTS
Animal Characteristics
Body weight, heart weight, percent fat mass, percent lean tissue, systolic blood pressure, and plasma glucose were not significantly different between WT and LDLr Ϫ/Ϫ groups ( Table 1) . Plasma total cholesterol and triglycerides were greater in LDLr Ϫ/Ϫ compared with WT mice (both P Ͻ 0.05; Table 1 ). Compared with WT mice, aortic PVAT from LDLr Ϫ/Ϫ mice demonstrated an increase in adipocyte diameter and area (both P Ͻ 0.05; Table 2 ). No differences in adipocyte diameter or area were observed in either subcutaneous or epididymal fat depots between WT and LDLr Ϫ/Ϫ groups ( Table 2) .
Large Elastic Artery Stiffness and Aortic Collagen Type I, AGEs, and ␣-Elastin
LDLr Ϫ/Ϫ compared with WT mice had greater large elastic artery stiffness, as assessed by aPWV (P Ͻ 0.05; Fig.  1A ) and ex vivo intrinsic mechanical stiffness testing (P Ͻ 0.05; Fig. 1B) .
The extracellular matrix protein collagen type I ( Fig. 2A ) and AGEs (Fig. 2B) were greater in whole aortic lysates from LDLr Ϫ/Ϫ compared with WT mice (both P Ͻ 0.05). ␣-Elastin protein content was not significantly altered in whole aortic lysates between WT and LDLr Ϫ/Ϫ mice (P Ͼ 0.05; Fig. 2C ).
Influence of PVAT on Arterial Stiffness and Aortic Collagen Type I, AGEs, and ␣-Elastin
Intrinsic mechanical stiffness was assessed in aortic segments from WT and LDLr Ϫ/Ϫ mice cultured in the presence (ϩ) or absence (Ϫ) of aortic PVAT for 72 h. Intrinsic stiffness was increased in aortic segments from LDLr Ϫ/Ϫ ϩ PVAT compared with WT ϩ PVAT, which was reversed in LDLr Ϫ/Ϫ Ϫ PVAT cultured tissues (P Ͻ 0.05; Fig. 3A) . To further examine the influence of aortic PVAT on artery stiffness, PVAT from the thoracic aorta of WT and LDLr Ϫ/Ϫ mice was incubated in media, which was used to treat aortas from naïve WT mice. Compared with WT mice, PVAT conditioned media from LDLr Ϫ/Ϫ mice increased aortic intrinsic mechanical stiffness (P Ͻ 0.05; Fig. 3B ). Collectively, these experiments indicate that PVAT-derived factors promote arterial stiffness in LDLr Ϫ/Ϫ mice. To determine the influence of PVAT on proteins related to arterial stiffness, immunohistochemistry was performed on aortic segments cultured from WT and LDLr Ϫ/Ϫ mice in either the presence or absence of PVAT for 72 h. Collagen type I was greater in the aortic medial (Fig. 4, A and C) and adventitial (Fig. 4 , B and C) layers of LDLr Ϫ/Ϫ mice ϩ PVAT compared with WT mice ϩ PVAT (P Ͻ 0.05). Removal of PVAT from aortic segments from LDLr Ϫ/Ϫ mice normalized collagen type I expression in both medial and adventitial layers (P Ͻ 0.05).
Greater AGE abundance was observed in the medial (Fig. 5, A and C) and adventitial (Fig. 5, B and C) layers of the aorta cultured from LDLr Ϫ/Ϫ mice ϩ PVAT compared with WT mice ϩ PVAT (P Ͻ 0.05). Incubation of arteries from LDLr Ϫ/Ϫ mice without PVAT attenuated AGEs in the adventitia layer (P Ͻ 0.05) but had no effect on medial AGEs.
␣-Elastin expression was reduced in the medial layer (Fig. 6 , A and C) of the aorta from LDLr Ϫ/Ϫ mice cultured ϩ PVAT compared with WT mice cultured ϩ PVAT (P Ͻ 0.05). When aortic segments from LDLr Ϫ/Ϫ mice were cultured in the absence of PVAT, ␣-elastin increased in the medial layer (P Ͻ 0.05; Fig. 6 , A and C). There was a main effect for increased adventitial elastin expression in aortic segments cultured Ϫ PVAT (P Ͻ 0.05; Fig. 6 , B and C).
PVAT IL-6 Secretion and Influence of IL-6 on Mechanical Stiffness
Unpublished cytokine array data from our laboratory indicate that IL-6 secretion is greater from PVAT of LDLr Ϫ/Ϫ compared with WT mice. To verify these potential changes, an ELISA was performed, which demonstrates greater PVAT IL-6 secretion from LDLr Ϫ/Ϫ versus WT mice (P Ͻ 0.05; Fig. 7A ). To determine if the IL-6 secreted from PVAT promotes mechanical stiffness, a neutralizing antibody for IL-6 was cultured with aortas from LDLr Ϫ/Ϫ mice in the presence or absence of PVAT. Inhibition of IL-6 reduced intrinsic mechanical stiffness in LDLr Ϫ/Ϫ aortic segments ϩ PVAT (P Ͻ 0.05; Fig. 7B ) but did not further decrease arterial stiffness in aortic segments cultured Ϫ PVAT (Fig. 7B) . Given IL-6 secretion was greater from PVAT of LDLr Ϫ/Ϫ mice and IL-6 inhibition attenuates mechanical stiffness, we determined whether the effects of IL-6 are sufficient to promote mechanical stiffness. Aortic segments from WT mice treated with IL-6, at a dose (3 ng/ml) similar to the concentration secreted from LDLr Ϫ/Ϫ PVAT, had greater intrinsic stiffness compared with control segments not treated with IL-6 (P Ͻ 0.05; Fig. 7C) . secretes greater concentrations of IL-6, which, in turn, promotes arterial stiffness of the aorta. Thus, these findings provide initial causal insights for PVAT-derived IL-6 to increase arterial stiffness and possibly increase CVD risk in conditions with elevated cholesterol.
Arterial Stiffness
Aortic stiffness assessed by aPWV is an independent predictor of adverse cardiovascular events (3, 37) . Our present findings demonstrate that LDLr Ϫ/Ϫ mice, which have increased circulating cholesterol and triglyceride concentrations compared with WT mice, demonstrate arterial stiffness, which, in turn, may increase cardiovascular risk. As such, adults with hypercholesterolemia have greater aortic stiffening compared with individuals with optimal cholesterol levels (27, 29, 39) and are at a greater risk of an adverse cardiovascular event (21) . Notably, despite the increased aortic stiffness in LDLr Ϫ/Ϫ mice, these animals did not have elevated blood pressure. This absence of hypertension with increased total cholesterol has also been observed in adults (27, 29) and animals (41) . These findings support the notion that cholesterol and triglyercerides, independent of changes in blood pressure, contribute to aortic stiffness. Thus, the development of novel therapeutic targets to attenuate arterial stiffening may, in turn, reduce cardiovascular risk.
Stiffening of the aorta is associated with quantitative changes in arterial extracellular matrix protein content (15, 44) . In the present study using LDLr Ϫ/Ϫ mice, we demonstrate a similar change in arterial stiffening and extracellular matrix protein expression as observed in other animal models with increased cholesterol levels (1, 9, 40) . Specifically, we observed increased collagen type I expression, which is an important collagen isoform contributing to load bearing and arterial stiffening (15) . Additionally, AGE abundance was greater in aortas from LDLr Ϫ/Ϫ mice, which may promote arterial stiffness through cross-linking of extracellular proteins or signaling via the receptor of AGEs to increase inflammation and/or oxidative stress. Both inflammation and oxidative stress have been implicated in the development of arterial stiffening, and AGE signaling may contribute to these processes (7, 16, 17, 31) . Finally, elastin content was not significantly changed in whole aortic samples from LDLr Ϫ/Ϫ mice. Collectively, our data suggest increases in collagen deposition and AGE abundance in whole artery lysates promote arterial stiffening in LDLr Ϫ/Ϫ mice.
Aortic PVAT
Our data provide the initial evidence for PVAT to promote arterial stiffness in LDLr Ϫ/Ϫ mice and are consistent with previous work demonstrating that PVAT contributes to agerelated arterial stiffening (16) . We demonstrate an effect of PVAT from LDLr Ϫ/Ϫ mice to contribute to arterial stiffness, where removal of this fat reduces mechanical stiffness. Importantly, our data show an effect of PVAT conditioned media from LDLr Ϫ/Ϫ mice to increase intrinsic mechanical stiffness of aortic segments from WT mice, indicating that secreted factors from PVAT promote the arterial stiffening. Thus, PVAT may be a novel target tissue to reverse and/or prevent arterial stiffness in clinical conditions of hypercholesterolemia and hypertriglyceridemia.
Clinical investigations in humans have shown greater amounts of PVAT are associated with aortic stiffness and increased CVD risk (4 -6). Importantly, after adjusting for body mass index, adults at high risk for CVD events have a greater abundance of PVAT (4), suggesting that adipose surrounding the aorta may influence aortic stiffness independent of general adiposity status. The findings in our study support this notion as arterial stiffness was increased in LDLr Ϫ/Ϫ mice, which have a similar whole body lean and fat mass as WT mice. Interestingly, adipocyte diameter and area were increased in PVAT from LDLr Ϫ/Ϫ mice, but not in subcutaneous or epididymal fat depots. Our data collectively indicate that PVAT compared with other fat depots is selectively modified and directly contributes to arterial stiffening in LDLr Ϫ/Ϫ mice independent of total body fat mass.
Aortic stiffness was associated with structural remodeling in LDLr Ϫ/Ϫ mice, and we provide causal evidence for PVAT to influence arterial collagen, AGE, and elastin protein content. These findings are in agreement with our previous report (16) demonstrating an effect of PVAT to promote arterial collagen type I expression. The present study, however, extends previous findings observed with aging to the LDLr Ϫ/Ϫ mouse model and demonstrates an effect of PVAT to influence collagen type I, AGE, and elastin content in the aorta. More specifically, our data show that PVAT from LDLr Ϫ/Ϫ animals promote collagen type I expression in the medial and adventitial layers, whereas PVAT only contributes to AGE abundance in the adventitia of aortic segments from LDLr Ϫ/Ϫ mice. PVAT decreased elastin in the medial but not adventitial layers in aortas cultured from LDLr Ϫ/Ϫ mice. However, removal of PVAT increased elastin in both the medial and adventitial layers of the artery, indicating that PVAT from LDLr Ϫ/Ϫ mice modulates aortic elastin expression. Interestingly, our immunohistochemistry data indicate selective reduction in medial elastin that does not result in whole aorta changes in elastin content, as observed with our Western blots. These data collectively suggest that PVAT influences arterial protein expression in a cell-specific manner.
The finding for increased IL-6 secretion from PVAT is consistent with previous observations for greater inflammatory cytokine secretion and expression, including IL-6, from PVAT of old and high-fat diet-fed mice (2, 11, 16) . Importantly, these findings were extended to provide direct evidence for PVATderived IL-6 to increase aortic stiffening of arteries from LDLr Ϫ/Ϫ mice. We also demonstrated an effect of IL-6, at a concentration similar to what was secreted by PVAT, to promote arterial stiffening of arteries from WT mice. IL-6 has been shown to increase collagen production in both the heart and arteries (25, 43) , which suggests that IL-6 contributes to the enhanced aortic collagen expression observed in LDLr Ϫ/Ϫ mice. Although inflammation, including IL-6, has been implicated in the formation of AGEs (32) , there is no direct evidence for IL-6 to increase AGE expression, and this requires further investigation. Thus, these findings demonstrate that PVATderived IL-6 may be an important signaling molecule to promote arterial stiffness via increases in aortic collagen type I and AGE expression in individuals with elevated cholesterol and triglyceride concentrations.
We hypothesized that increased plasma cholesterol concentrations would result in PVAT-related IL-6 secretion and arterial stiffening in LDLr Ϫ/Ϫ mice. The LDLr Ϫ/Ϫ mice in this study, however, also had increased plasma triglyceride concentrations. A previous investigation (12) has shown that a highfat diet administered to rabbits increases circulating cholesterol and triglycerides and also induces IL-6 gene and protein expression as well as macrophage accumulation in PVAT. These data suggest that macrophage recruitment to PVAT may be a mechanism by which IL-6 secretion is increased in LDLr Ϫ/Ϫ mice, but this requires further investigation. In addition, apolipoprotein E knockout mice, which also demonstrate increased plasma cholesterol concentrations, have greater TNF-␣ gene expression in PVAT (35) , suggesting that hypercholesterolemia induces TNF-␣, which, in turn, promotes IL-6 production (36) and possibly secretion from PVAT. However, the mechanisms by which plasma cholesterol and triglycerides promote PVAT-derived IL-6 secretion are largely unknown.
Our experiments were focused on PVAT influencing the extracellular matrix and aortic intrinsic mechanical properties in LDLr Ϫ/Ϫ mice. It should be noted that plasma cholesterol and triglycerides influence the endothelium and vascular smooth muscle cells, which also contribute to arterial stiffness. As such, a recent investigation (20) has demonstrated an effect of vascular smooth muscle contributing to nearly 50% of age-related arterial stiffness. Although our findings provide initial evidence for PVAT in the development of mechanical stiffness in LDLr Ϫ/Ϫ mice, it is important to recognize that PVAT may influence the endothelium and vascular smooth muscle cells to promote arterial stiffening unders conditions of hypercholesterolemia and hypertriglyceridemia.
We used an ex vivo approach to determine the effects of PVAT on mechanical stiffness and extracellular matrix protein expression. A potential limitation of this approach is that once the aorta is removed from the body and placed in a culture dish, the artery begins to remodel independent of any additional external stimulus. This is true for all ex vivo experiments assessing artery function. We believe, however, our data from this ex vivo approach do provide important insights for the influence of PVAT in the pathogenesis of arterial stiffening in 
LDLr
Ϫ/Ϫ mice. Importantly, previous findings have shown our ex vivo approach to assess PVAT-mediated arterial stiffness, as used in this study, to be supported by in vivo fat transplant approaches (16) . Future investigations will need to utilize in vivo approaches to further establish PVAT as a mechanism contributing to arterial stiffness in the context of hypercholesterolemia and hypertriglyceridemia.
Conclusions
The results from this investigation provide evidence for LDLr Ϫ/Ϫ mice with increased circulating cholesterol and triglyceride concentration to have greater aortic stiffening and structural remodeling. Additionally, the present findings provide direct evidence for PVAT from LDLr Ϫ/Ϫ mice to promote intrinsic mechanical stiffening and aortic protein remodeling, which is associated with greater IL-6 secretion that, in turn, induces arterial stiffness. In summary, PVAT contributes to arterial stiffness in mice with increased circulating cholesterol and triglyceride concentrations and is a potentially novel therapeutic target that warrants further investigation.
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